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(57) ABSTRACT 

Under the control of a processor executing a program, the 
timing margin of an electronic system can be improved by 
a series of operations that set the relative phase of receive 
and distributed clock signals from a number of given values, 
a relative phase of transmit and distributed clock signals 
from a number of given values, instruct an integrated circuit 
(IC) die to drive a sequence of outgoing data symbols and 
receive a sequence of incoming data symbols at those 
relative phase settings, and compares the outgoing symbols 
to the incoming symbols. A result of the comparison is 
recorded. The operations are repeated for other combina 
tions of the discrete transmit and receive phase values. The 
relative phases are then set to a pair of values taken from the 
discrete transmit and receive phase values, Which are closest 
to yielding a balanced timing margin as determined from the 
results of the comparisons. 

21 Claims, 10 Drawing Sheets 
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@ 
SET A RELATIVE PHASE OF RCLK AND DISTRIBUTED CLOCK {1/04 
SIGNALS AT THE TARGET IC DIE To A NOMINAL VALUE 

I 
SET A RELATIVE PHASE 0F TCLK AND DISTRIBUTED CLOCK 408 
SIGNALS AT THE TARGET IC DIE TO ONE OF A NUMBER 

OF PREDETERII/IINED, DISCRETE TRANSMIT PHASE vALuES 

V 

COMPARE INCOMING AND OUTGOING DATA SYMBOLS, WHERE hit/12 
THE OUTGOING SYMBOLS HAVE BEEN TRANSMITTED BY THE 
TARGET IC DIE ACCORDING TO THE RELATIVE PHASE SETTING 
OF OPERATION 408 AND WHERE THE INCOMING SYMBOLS HAVE 

BEEN RECEIVED BY THE TARGET IC DIE ACCORDING TO THE 
RELATIVE PHASE SETTING OF OPERATION 404 

V 

REPEAT OPERATIONS 408-412 FOR ALL OTHER TRANSMIT /\4/16 
PHASE VALUES AND RECORD THE RESULTS OF THE 

COMPARISONS AS PASS OR FAIL VALUES 

V 

SET THE RELATIVE PHASE 0F TCLK AND DISTRIBUTED CLOCK 420 
SIGNALS TO A TRANSMIT PHASE VALUE CLOSEST TO r\/ 
(TCLK_PASS_HIGH + TCLK_PASS_LOW)/2 WHERE 

TCLK_PASS_HIGH IS THE GREATEST, PASSING TRANSMIT 
PHASE VALUE AND TCLK_PASS_LOW IS THE SMALLEST, 

PASSING TRANSMIT PHASE VALUE RECORDED IN 
OPERATION 416 

I 
(D 

FIG. 4 
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SET A RELATIVE PHASE OF RCLK AND DISTRIBUTED N 
CLOCK SIGNALS AT THE TARGET IC DIE TO ONE OF 
A NUMBER OF PREDETERMINED, DISCRETE RECEIVE 

PHASE VALUES 

I 
COMPARE INCOMING AND OUTGOING DATA SYMBOLS THAT w 
HAVE BEEN RECEIVED AND TRANSMITTED, RESPECTIVELY, BY 
THE TARGET IC DIE ACCORDING TO THE RELATIVE PHASE 

SETTINGS OF OPERATIONS 420 AND 424 

IV 

REPEAT OPERATIONS 424-428 FOR ALL OTHER RECEIVE “\J 
PHASE VALUES AND RECORD THE RESULTS OF THE 

. COMPARISONS AS PASS OR FAIL VALUES 

I 
SET THE RELATIVE PHASE OF RCLK AND DISTRIBUTED CLOCK 436 

SIGNALS AT THE TARGET IC DIE TO A RECEIVE VALUE /\/ 
CLOSEST TO (RCLK_PASS_HIGH + RCLK_PASS_LOW)/2 
WHERE RCLK_PASS_HIGH IS THE GREATEST, PASSING 
RECEIVE PHASE VALUE AND RCLK_PASS_LOW IS THE 

SMALLEST, PASSING RECEIVE PHASE VALUE RECORDED 
IN OPERATION 432 

V 

I DONE I 

FIG. 5 
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SET TCLK_I TO A MIDPOINT. 
_8_OA 

I 
SET TCLK_2 TO THE LOWEST VALUE THAT YIELD PASSING 

COMPARISON RESULTS. 
595 
+ 

SET RCLK_‘I TO A HIGH VALUE AND DECREASE UNTIL THERE 
IS A FAIL OR A LIMIT HAS BEEN REACHED. 

SL2 
I 

ADD THE LOWEST PASSING TCLK_2 VALUE AND RCLK_I 
VALUE (E.G. IN PICOSECONDS) TOGETHER AND STORE. 

SM 
+ 

SET TCLK__2 TO THE HIGHEST PASSING VALUE. 
8I_8 

i 
START WITH THE LOWEST RCLKJ VALUE AND INCREASE 

UNTIL THERE IS A FAILURE OR A LIMIT IS REACHED. 
sgg 
* 

ADD THE VALUES FOR THE HIGHEST PASSING TCLK_2 AND 
FICLK_I TOGETHER AND STORE. 

5H 
+ 

ADD THE HIGHEST AND LOWEST TCLK_1 VALUES TOGETHER 
AND DIVIDE BY 2 TO GET A MIDPOINT. 

SE 
i 

FIND THE TCLK_1 VALUES THAT ARE IMMEDIATELY ABOVE 
AND IMMEDIATELY BELOW THE MIDPOINT COMPUTED IN 

OPERATION 828. 
Q 
I! 

FIND THE VALUE OF TCLK_MIDPOINT_HIGH AND RCLK_'I, OR 
TCLK_MIDPOINT_LOW AND RCLK_1 THAT IS CLOSEST TO THE 

MIDPOINT COMPUTED IN OPERATION 828. 
@1 
+ 

SET TCLK_1 TO THE VALUE FOUND IN OPERATION 834, AND 
REPEAT OPERATIONS 804-834 FOR RCLK_2. 

840 

FIG. 8 
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AUTOMATICALLY DETECT AND COMPENSATE FOR A SIGNALING 
IMBALANCE (THAN A NOMINAL SIGNALING PULL-UP OR PULL-DOWN 904 

CURRENT), BY EXECUTING INSTRUCTIONS TO INCREASE OR /\/ 
DECREASE DRIVE STRENGTH OF A PULL-UP OR PULL-DOWN 

ON A TRANSMISSION LINE THAT COUPLES FIRST AND 
SECOND IC DIES OF A SYSTEM. 

I 908 
PERFORM A WRITE CYCLE FROM THE FIRST IC DIE TO THE SECOND ’\/ 

IC DIE VIA THE TRANSMISSION LINE, TO WRITE DATA TO THE 
SECOND IC DIE. 

I 
CHANGE CLOCK-DATA SKEW IN THE POSITIVE DIRECTION UNTIL $12 
THERE IS A FAILURE WHILE READING THE DATA BACK FRONI 

THE SECOND IO DIE USING THE FIRsT IC DIE. 

I 
OHANGE OLOGK-DATA SKEW IN THE NEGATIVE DIREOTION UNTIL 91B 
THERE IS A FAILURE WHILE READING THE DATA BACK FROM THE q/ 

sEOOND IC DIE USING THE FIRsT IC DIE. 

I 
SET THE OPERATING POINT FOR CLOCK-DATA SKEW IN THE SYSTEM 920 

TO BE THE MIDPOINT BETWEEN THE MOST POSITIVE FAILURE ’\/ 
POINT (OPERATION 912) AND THE MOST NEGATIVE FAILURE POINT 

(OPERATION 916) 
I 

CHANGE ON ON-DIE, VOLTAGE REFERENCE, THAT IS USED 
TO COMPARE AGAINST A TRANSMISSION LINE SIGNAL 
LEVEL TO DETECT A RECEIVED DATA SYMBOL, WHILE 
RUNNING A READ CYCLE, UNTIL WRONG DATA IS READ. 

I 
SET THE OPERATION POINT FOR THE ON-DIE, VOLTAGE REFERENCE K328 
TO THE MIDPOINT BETWEEN THE HIGHEST FAILURE POINT AND 
THE LOWEST FAILURE POINT OBTAINED IN OPERATION 924. 

I DONE I 

FIG. 9 
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METHOD AND APPARATUS FOR 
IMPROVING TIMING MARGIN IN AN 

INTEGRATED CIRCUIT AS DETERMINED 
FROM RECORDED PASS/FAIL 

INDICATIONS FOR RELATIVE PHASE 
SETTINGS 

This is a continuation-in-part application of Ser. No. 
09/476,976 ?led on Dec. 31, 1999 now US. Pat. No. 
6,647,507. 

BACKGROUND 

This invention is in general related to chip-to-chip digital 
communications and more particularly to clock-based chip 
to-chip communications. 

Processor clock speeds in electronic systems are continu 
ing to increase and shoW no signs of reaching a plateau. As 
a result, the bit rate in communications betWeen different 
integrated circuit (i.e., IC) dies, also knoWn as chips, in the 
system are forced to increase to maintain an optimum 
performance level in the system. One factor that limits the 
performance of a high speed system is timing variation, that 
is a difference in the timing of the occurrence of a particular 
signal transition, betWeen the actual system and What Was 
expected or designed for the system. Timing variations may 
be caused by a combination of one or more factors. These 
factors include those that are related to the manufacture of 
the system, such as variations in on-die device parameters, 
the geometry of printed Wiring board (i.e., PWB) traces, and 
IC package transmission line length and impedance. Fatal 
system errors are more likely When timing variations exceed 
the levels Which the system has been designed to tolerate. 
These levels are referred to here as ‘timing margin’. 

As bit rates increase, timing margin, in terms of a maxi 
mum departure from a nominal timing or phase relationship 
betWeen tWo signals, decreases. Any departure from a nomi 
nal phase relationship betWeen a received data signal and a 
distributed clock signal of the system is referred to as 
clock-data ‘skeW’. One Way to improve the tolerance of a 
high bit rate system to such skeW is to use source synchro 
nous transmissions. In such a transmission, the transmitter 
IC die may synchroniZe each consecutive data symbol in a 
driven data signal With a corresponding, separate transition 
in a distributed clock signal. The data signal and the dis 
tributed clock signal are propagated from the transmitter IC 
die to other IC dies (that is receiving IC dies). To help reduce 
skeW betWeen the data and the distributed clock signals at 
the receiving end, the transmission lines that carry the data 
and clock signals betWeen the transmitter and the receiver IC 
dies are designed to be ‘matched’. HoWever, as bit rates 
continue to increase beyond several hundred MHZ, the 
maximum skeW that is tolerable by the logic function 
circuitry in a receiving IC die may be exceeded, even by 
such a source synchronous transmission. In other Words, 
even though an attempt has been made to match the tWo 
transmission lines and transmit the data and clock informa 
tion simultaneously at the design stage, it is possible that 
manufacturing process variations and/or operating factors 
(such as temperature and poWer supply variations) cause the, 
for instance, data signal to take much longer to reach the 
receiver than the distributed clock signal, such that the 
maximum, expected skeW is exceeded. 
When the system is initially designed, a nominal timing 

margin may be provided. For example, the nominal timing 
margin in a conventional, main memory (in this case, 
dynamic random access memory or DRAM) subsystem has 
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2 
been +/—125 picoseconds about a nominal phase relationship 
betWeen data and clock signals. Thus, up to 125 picoseconds 
of skeW can be tolerated by the logic functional circuitry, in 
either direction about an expected ‘Zero picosecond’ skeW. 
HoWever, When the system has been manufactured and 
placed in operation, it is likely that the initial skeW is not 
Zero, but rather some signi?cant fraction of the maximum 
+/—125 picoseconds. This means that the available timing 
margin of the actual, manufactured system, during normal 
operation, has been reduced and is not balanced in both 
directions. 

A limited solution to forcing the actual electronic system 
to operate close to the Zero picosecond (balanced) setting is 
to adjust the trace length of the data signal transmission line 
and/or the clock signal transmission line so that the initial 
skeW is set to Zero. Such a technique, hoWever, requires the 
physical ?ne tuning of PWB traces and thus may increase 
the cost of manufacture. In addition, once the system has 
been manufactured and the trace lengths are ?xed, it is still 
possible that the initial skeW Will change With operating 
parameters, thereby once again causing an imbalance and 
reduction in the available timing margin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by Way of example and not by 
Way of limitation in the ?gures of the accompanying draW 
ings in Which like references indicate similar elements. It 
should be noted that references to “an” embodiment in this 
disclosure are not necessarily to the same embodiment, and 
they mean at least one. 

FIG. 1 shoWs a block diagram of an electronic system 
according to an embodiment of the invention in Which 
transmit and receive timing is adjusted in the same inte 
grated circuit die. 

FIG. 2 shoWs an exemplary transmit timing diagram. 
FIG. 3 shoWs an exemplary receive timing diagram. 
FIG. 4 depicts a How diagram of an embodiment of a 

process for improving timing margin in an electronic sys 
tem. 

FIG. 5 shoWs a second part of an embodiment of the 
process for improving the timing margin. 

FIG. 6 shoWs an array of the test results obtained from an 
embodiment of the process for improving timing margin. 

FIG. 7 depicts test results from another embodiment of the 
process. 

FIG. 8 shoWs a How diagram of another embodiment of 
a process for improving timing margin. 

FIG. 9 depicts a How diagram of another embodiment of 
a process for improving timing margin. 

FIG. 10 illustrates a block diagram of a programmable, 
on-chip pull doWn circuit. 

FIG. 11 shoWs a physical layout of the clock and data 
signal lines that communicatively couple a memory die and 
a controller die. 

FIG. 12 illustrates another layout of the data and signal 
lines that communicatively couple a memory die to a 
controller die. 

DETAILED DESCRIPTION 

A method and apparatus for increasing, and, in particular, 
balancing, the timing margin in chip-to-chip 
communications, under the control of processor executable 
instructions, is described. Referring to FIG. 1, a block 
diagram of an electronic system con?gured according to an 



US 6,910,146 B2 
3 

embodiment of the invention is shown. A number of ?rst IC 
dies 110a, 110b, . . . are communicatively coupled to a 
second IC die 120 via one or more data transmission lines 
122 and one or more clock transmission lines 123. The data 
transmission lines 122 are used to transmit and receive data 
symbols Which may represent addresses, contents of storage 
locations, or commands. The clock transmission lines 123 
serve to propagate a distributed clock signal that is used to 
synchroniZe the transmission and receipt of the data symbols 
by the respective IC dies. In this particular embodiment, the 
distributed clock signal is differential and travels on a pair of 
parallel traces formed in a printed Wiring board (i.e., PWB) 
on Which the ?rst and second IC dies are installed. As an 
alternative, the system may use a single trace for propagat 
ing a single ended distributed clock signal, Which may be 
permissible for loW speed applications. The data and clock 
transmission lines 122, 123 form a parallel bus. This bus 
may be of the point to point variety or it may be of the multi 
drop variety as in a conventional memory bus having slots 
in Which the memory modules are inserted. 

The ?rst IC die 110 is to drive one or more of the data 
transmission lines 122 With a sequence of outgoing data 
symbols according to a transmit clock signal Tclk. A driver 
132 is used for this purpose, Where the driver converts 
betWeen on-die logic signaling and signaling levels that are 
needed on the data transmission lines 122. The driver 132 
validates or “launches” each data symbol according to a 
prede?ned transition in the Tclk signal. For example, each 
outgoing symbol may be driven directly in response to a 
rising edge of a digital, Tclk signal. 
As a receiving IC die, the ?rst IC die 110 is to repeatedly 

sample a transmission line signal from one of the data 
transmission lines 122, to obtain a sequence of incoming 
data symbols according to a receive clock (i.e., Rclk) signal. 
As shoWn in FIG. 1, a receiver circuit 134 translates betWeen 
the signaling levels on the transmission lines 122 and those 
of the on chip logic functional units (not shoWn). In addition, 
the receiver circuit 134 validates each incoming symbol by 
sampling a signal level in the transmission lines 122. This 
may be achieved by, for instance, sampling and holding a 
voltage level of an analog transmission line signal directly in 
response to and immediately folloWing a prede?ned rising or 
falling edge of a digital Rclk signal, and then comparing the 
held voltage level to a reference level to determine a logic 
state of the voltage level. As an alternative, the receiver 
circuit 134 may sample not the analog transmission line 
signal, but rather a digital output of a comparator, Where the 
comparator translates an instantaneous analog transmission 
line signal level into a logic ‘0’ or ‘1’ state. Other receiver 
circuit schemes may be used to obtain a sequence of 
incoming symbols according to the Rclk signal. 

Although in the particular embodiment shoWn in FIG. 1 
the communication betWeen the ?rst IC die 110 and the 
second IC die 120 is bidirectional in that the same trans 
mission line 122 is used to transfer data symbols in both 
directions, the techniques for improving timing margin also 
apply to unidirectional schemes as Well Where some of the 
transmission lines 122 are used to transfer data in one 
direction only While others are used to transfer data in the 
opposite direction. 

The ?rst IC die 110 also includes a driver timing circuitry 
136 to derive the Tclk signal from the distributed clock 
signal. According to an embodiment, the driver timing 
circuitry 136 is designed so that each of the outgoing data 
symbols is driven into the transmission lines 122 by the 
driver 132, according to a transmit delay immediately fol 
loWing each of a number of separate transitions of the 
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4 
distributed clock signal, respectively. In other Words, the 
Tclk signal is synchroniZed to the distributed clock signal 
received at the input of the driver timing circuitry 136. 
Similarly, at the receiving end, the ?rst IC die 110 includes 
receiver timing circuitry 138 to derive the Rclk signal from 
the distributed clock signal, so that each of the incoming 
data symbols is obtained by sampling according to a receive 
delay immediately folloWing each of a number of separate 
transitions of the distributed clock signal, respectively. Thus, 
the Rclk signal is synchroniZed to the distributed clock 
signal at the input of the receiver timing circuitry 138. 
According to an embodiment of an apparatus for 

increasing, and, in particular, balancing, the timing margin 
in chip-to-chip communications, the ?rst IC die 110 further 
includes registers 137 and 139 that are coupled to store 
values to be received by an external input of the ?rst IC die 
110. In addition, variable delay elements 141 and 143 are 
coupled to adjust (1) a relative phase of the Tclk and 
distributed clock signals, and (2) a relative phase of the Rclk 
and distributed clock signals, respectively, according to the 
values stored in the registers 137, 139 respectively. The 
registers 137 and 139 may be Written to in response to a 
processor 140 executing a number of instructions stored in 
a machine-readable memory such as non-volatile memory 
142. These instructions may be part of a basic input/output 
system (i.e., BIOS) 144 Which is part of the system softWare 
of the electronic system. The instructions, once executed, 
control a timing margin of the system particularly involving 
chip-to-chip communications betWeen the ?rst and second 
IC dies 110, 120. Access to the registers 137, 139 may be via 
a separate bus 143 betWeen the processor 140 and the IC dies 
110. Before describing processes for improving the timing 
margin, FIGS. 2 and 3 are used to provide exemplary timing 
diagrams of a nominal, Zero skeW relationship betWeen 
driven and received data signals and the distributed clock 
signals, and the effect of driving or receiving data symbols 
according to the Tclk and Rclk signals. 

Referring ?rst to FIG. 2, an exemplary transmit timing 
diagram of a data signal and a distributed clock signal is 
shoWn. The data signal has been driven on the transmission 
lines 122 by the driver 132 (see FIG. 1) according to a Tclk 
signal (not explicitly shoWn) derived from a distributed 
clock signal. In this embodiment, the distributed clock signal 
is a differential signal of components OUTCLK/OUTCLKN 
as shoWn, Which are provided to the driver timing circuitry 
136 from an upstream location of a pair of looped PWB 
traces (see FIG. 1). It Will be recogniZed by those of ordinary 
skill in the art that other schemes for obtaining the distrib 
uted clock signal may alternatively be used, and examples of 
such alternatives Will be given further beloW. Referring to 
FIG. 2, it can be seen that in this embodiment the nominal 
transmit delay is one of 1A1 cycle and % cycle of the 
distributed clock signal OUTCLK/OUTCLKN. In other 
Words, the data is designed to be launched 1A1 or % cycle after 
a clock crossing point as shoWn. This means that the driver 
timing circuitry is designed to generate the Tclk signal such 
that, in this embodiment, the 50% level of the voltage of the 
data signal occurs at 1A1 cycle or % cycle after the clock 
crossing point, Where it is understood that the clock crossing 
point refers to the point in time at Which the differential 
signal OUTCLK/OUTCLKN exhibits Zero voltage. 

Note that in the example above, the data signal is a binary 
Waveform in that it can take on only one of tWo stable levels, 
a loW voltage level and a high voltage level. In other 
embodiments, the data signal may be alloWed more than tWo 
stable voltage levels if the chip-to-chip communications 
support multiple levels so that more than tWo different 
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symbols can be transmitted and received. Thus, for the data 
signal Which is a binary Waveform, only tWo different 
symbols are de?ned, Whereas in 4 pulse amplitude modu 
lation (i.e., 4PAM) four different symbols, corresponding to 
four different stable, voltage levels in the data signal, are 
possible. In such a multilevel embodiment, a transition point 
betWeen different stable levels may be used to de?ne the 
transmit delay, similar to What is shoWn in FIG. 2 for the 
binary Waveform. 

The data signal (containing outgoing data symbols) is to 
be driven into the data transmission lines 122 (see FIG. 1) 
and accompanied by the distributed clock signal on the clock 
transmission lines 123 as both data and clock signals travel 
from the ?rst IC die 110 to the second IC die 120. NoW 
assume that a sequence of incoming data symbols have been 
launched in the same manner, from the second IC die 120. 
FIG. 3 shoWs eXemplary receiver timing that can be insti 
tuted at the ?rst IC die 110 to properly receive these 
incoming symbols from the data transmission lines 122. In 
this instance, the distributed clock signal is a differential 
INCLK/INCLKN signal that, in the embodiment of FIG. 1, 
is provided to receiver timing circuitry 134 from a doWn 
stream location of the pair of traces that form the clock 
transmission lines 123. The nominal receive delay in this 
embodiment is one of Zero cycle and 1/2 cycle of the 
distributed clock signal. Thus, if the incoming data symbols 
had been launched according to the timing in FIG. 2, then 
the data symbols should be sampled at Zero cycle or 1/2 cycle 
immediately after the clock crossing point With INCLK 
falling, as in FIG. 3. 

Continuing to refer to FIG. 3, the variable Tsh is referred 
to as the set up time, While Th is knoWn as the hold time. The 
set up time Tsh is the interval of time prior to a clock crossing 
point When the data signal makes a transition. The hold time 
T,1 is the time interval after the clock crossing point When the 
data signal makes a transition. The sum of Tsh and Th de?nes 
the WindoW during Which the data signal is sampled, Where 
in this embodiment the sample point is nominally set to be 
1/2 cycle after the clock crossing point With INCLK falling. 
According to certain embodiments, the Tsh and Th time 
intervals should be at least as long as those speci?ed for a 
D-type ?ip ?op circuit Whose D input is to receive the data 
signal and Whose clock input is to receive the Rclk signal, 
so that the data signal is properly sampled at the output of 
the ?ip ?op in response to a rising or falling edge of the 
digital Rclk signal. In such an embodiment, the Tsh and Th 
intervals de?ne the timing margin for properly sampling the 
data signal relative to a rising or falling edge of the Rclk 
signal. 

Referring back to FIG. 2, it can be seen that delaying or 
advancing the launching of the data signal about its nominal 
timing of 1A1 or % cycle leads to shortening Tsh (and at the 
same time lengthening Th) and lengthening Tsh (and at the 
same time shortening Th), respectively, at the receiving end 
as seen in FIG. 3. This adjustment in the transmit timing may 
be achieved by the circuitry shoWn in FIG. 1 and in 
particular by Writing the desired digital value into the 
register 137 for either delaying or advancing Tclk. 

Similar to What has been described in the previous 
paragraph, a balance betWeen Tsh and Th may be obtained 
entirely at the receiving end by advancing or delaying the 
Rclk signal appropriately, by setting the appropriate digital 
value in the register 139 (see FIG. 1). An embodiment of a 
process for improving the timing margin in a manufactured 
system by achieving such a balance is noW described in 
connection With FIG. 4. 

FIG. 4 shoWs a How diagram of a process for improving 
a timing margin in a given IC die that is part of an operating 
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6 
electronic system. The process attempts to determine the 
optimum phase relationships betWeen Rclk and the distrib 
uted clock signal and betWeen Tclk and the distributed clock 
signal in the same IC die, to minimiZe the clock-data skeW. 
In other Words, the process attempts to ?nd an adjustment by 
delaying or advancing Tclk and Rclk, such that the timing 
margin is balanced, ie the launching and receiving of data 
occurs at the center of a permissible time WindoW, rather 
than skeWed toWards one end or the other. In the embodi 
ments of FIGS. 4 and 5, the procedure is divided into tWo 
parts, Where the ?rst part (FIG. 4) involves making adjust 
ments to the phase of Tclk While keeping the phase of Rclk 
?xed, and the second part calls for adjusting the phase of 
Rclk While keeping the phase of Tclk ?Xed (FIG. 5). 
An exemplary set of discrete, Tclk and Rclk bias values 

are shoWn in FIG. 6, Where the Rclk bias values range from 
—33 to +49 picoseconds and the Tclk bias values range from 
—100 to +238 picoseconds. Considering the eXemplary tim 
ing diagrams of FIGS. 2 and 3, a Zero Rclk bias value Would 
represent a phase relationship betWeen Rclk and the distrib 
uted clock signal (shoWn as INCLK/INCLKN) such that 
Rclk Would cause the data signal to be sampled at 1/2 cycle 
after the clock crossing point With INCLKN falling (see 
FIG. 3). As to the Zero Tclk bias value, this Would corre 
spond to a phase relationship betWeen Tclk and the distrib 
uted clock signal (shoWn as OUTCLK/OUTCLKN) so the 
data is launched at 1A1 cycle after the clock crossing point 
With INCLK falling. A negative Tclk bias value means that 
the data symbol is transmitted later than 1A cycle after the 
clock crossing point, Whereas a positive Tclk bias value 
means the data is transmitted earlier. 

At the receiving end, a negative Rclk bias value means 
that the data signal is sampled earlier than 1/2 cycle after the 
clock crossing point, While a positive Rclk bias value means 
that the data signal is sampled later. Thus, for instance, to 
correct for the data symbols propagating faster than the 
distributed clock signal betWeen the transmitting and receiv 
ing IC dies, either or both of the Tclk and Rclk bias values 
should be negative. On the other hand, to correct for the data 
being sloWer than the clock, either or both of the Tclk and 
Rclk bias values should be positive. 

Referring noW to FIG. 4, operation begins With setting a 
relative phase of the Rclk and distributed clock signals at the 
target IC die, from a number of discrete, receive phase 
values (eg Rclk bias values), to the nominal value, namely 
Zero (operation 404). The relative phase of the Tclk and 
distributed clock signals at the target IC die are then set to 
the loWest, in this case most negative, value taken from a 
number of discrete, transmit phase values (eg Tclk bias 
values) (operation 408). Operation neXt proceeds With 
instructing the target IC die to drive a sequence of outgoing 
data symbols according to Tclk. These outgoing data sym 
bols are then received by the receiving IC die, buffered, and 
then transmitted back as a sequence of incoming data 
symbols. The target IC die is to then receive the sequence of 
incoming data symbols according to Rclk. The driving and 
receiving operations are to be performed at the relative 
phase settings of operations 404 and 408. After the incoming 
signals have been received in this manner by the IC die, they 
are compared to the outgoing symbols (operation 412). If the 
incoming and outgoing symbols are equal to each other, then 
this test of the relative phase settings is deemed to be a 
“pass” and a pass indication is stored and associated With the 
relative phase settings of operations 404 and 408. 
The above described operations 408—412 are repeated for 

all possible Tclk bias values, Which may result in populating 
a roW of an array, With pass or fail indications as shoWn in 
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FIG. 6, corresponding to the Rclk bias value of Zero pico 
seconds (operation 416). According to an embodiment of the 
invention, the process continues With operation 420 in Which 
the relative phase of the Tclk and distributed clock signals 
are set to a transmit phase value that is closest to the average 
of the highest and loWest passing transmit phase values that 
Were recorded in operation 416. This operation thus attempts 
to obtain a balanced timing margin by selecting, in the 
exemplary embodiment shoWn in FIG. 6, a Tclk bias value 
of +22 picoseconds. The process then continues With opera 
tions 424—436 shoWn in FIG. 5. 

With Tclk being set to the average passing value as 
described in the previous paragraph, the process continues 
With operation 424 in Which the relative phase of the Rclk 
and distributed clock signals at the target IC die are set to, 
for instance, the loWest of a number of predetermined, 
discrete receive phase values (eg Rclk bias values such as 
those shoWn in FIG. 6). The process then continues With 
running a test of the communication link betWeen the target 
IC die and a receiving IC die, by sending and receiving 
outgoing and incoming data symbols, respectively, at the 
relative phase settings of operations 420 and 424. These 
incoming and outgoing data symbols are then compared to 
determine Whether the test Was passed or failed by those 
relative phase settings (operation 428). Operations 424 and 
428 are then repeated for all other receive phase values, and 
the results of the comparisons are recorded as pass or fail 
values Which may then populate a column as shoWn in FIG. 
6. Finally, in operation 436, the relative phase of the Rclk 
and distributed clock signals are set to a receive phase value 
that is closest to the average passing Rclk bias value as 
recorded in operation 432. Thus, for the example of FIG. 6, 
improved timing margin may be expected by setting the 
Rclk bias to +29 picoseconds and the Tclk bias to +22 
picoseconds, Where these tWo values are the average of the 
highest and loWest passing Rclk and Tclk bias values, 
respectively. These Rclk, Tclk settings are expected to 
provide a balanced timing margin in the sense that data Will 
be launched and sampled in the middle of a permissible 
timing WindoW. 

The comparison results shoWn in FIG. 6 formed a single 
roW and a single column in the array of Tclk and Rclk bias 
values, As an alternative technique, the process for improv 
ing timing margin may be con?gured to test all combinations 
of transmit and receive values prior to deciding the “opti 
mal” relative phase settings that are closest to yielding a 
balanced timing margin. The results of such an embodiment 
are shoWn in FIG. 7 in Which a tWo-dimensional region of 
pass values is obtained as a result of testing all combinations 
of Tclk and Rclk bias values. The same technique for 
determining the phase value Which is closest to yielding a 
balanced timing margin, as applied to FIG. 6 in operations 
420 and 436, may also be applied to the array of FIG. 7. 
Taking the average of the highest and loWest passing Rclk 
and Tclk values from FIG. 7 yields a Rclk, Tclk pair located 
approximately at the point marked ‘X’ in betWeen the +22 
and +42 Tclk bias values, at the +29 Rclk bias value. Thus, 
in this embodiment, the relative phase values Which are 
closest to yielding the balanced timing margin are +29 
picoseconds for the Rclk and either +22 or +42 for the Tclk. 
Note hoW this result is slightly different than What Was 
obtained in connection With FIG. 6, namely that the optimal 
Tclk bias value Would be at +22. 

Yet another technique for determining the relative phases 
Which are closest to yielding a balanced timing margin is to 
compute a centroid of the tWo-dimensional area of passing 
values shoWn in FIG. 7. The centroid or “center of gravity” 
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Would lie approximately at the point marked ‘Y’ Which is 
slightly to the right of and beloW the point marked ‘X’. Thus, 
according to the centroid calculation, the balanced timing 
margin may be obtained by a bias value that is greater than 
+22 picoseconds for Tclk and slightly greater than +29 for 
Rclk. Of course, by selecting a greater number of discrete 
Tclk and Rclk values, the system Will be able to move even 
closer to yielding the balanced timing margin due to the ?ner 
resolution available. 

Although a larger number of discrete Rclk and Tclk bias 
values provides ?ner resolution to reach the balanced timing 
margin, a tradeoff is that it Will take a longer period of time 
to perform the tests of the communication link at the 
different combinations of Tclk and Rclk bias settings. As a 
reference point for determining hoW long the process 
described above might take in practice, consider the embodi 
ment in Which the target IC die includes a DRAM storage 
array and the receiving IC die includes a memory controller. 
Also, assume that, noW referring back to FIG. 1, the process 
described in FIGS. 4 and 5 is performed by the processor 
140 executing the instructions in the BIOS 144 and using its 
cache memory to store the results of the comparisons. Also 
assume that the outgoing data symbols form a 10 kilobyte 
section of data to be Written to and read from the DRAM. 
Assume that in a high performance conventional memory 
bus, about 6 microseconds are needed to perform a Write to 
and read from memory of the 10 kilobytes. Also assume that 
to change Tclk or Rclk, about 1 microsecond is needed. 
Taking the example of FIG. 6, in Which approximately 16 
Tclk values and approximately 8 Rclk values are used, a total 
of 24 memory tests are performed, requiring about 144 
microseconds. Add to that 24 microseconds for transitioning 
betWeen the Rclk and Tclk bias values, and multiply by 10 
to obtain a statistically more meaningful and larger set of 
data, this yields a total of approximately 1.68 milliseconds 
to obtain the results of the comparisons shoWn in FIG. 6. 
This is a relatively short period of time, even considering 
that the system Would contain several DRAM dies for Which 
the timing margin needs to be improved. Thus, it can be seen 
that such a technique for improving the timing margin can 
be performed relatively frequently during the normal opera 
tion of the system, to continuously adapt the timing margin 
in the main memory subsystem as conditions change While 
the system is operating. 
The above described embodiments of the invention in 

FIGS. 1, 4, and 5 are directed to a method and an apparatus 
for improving timing margin by adjusting the phases of Rclk 
and Tclk signals in the same, target IC die. As an alternative, 
the softWare controllable technique for improving timing 
margin may be deployed in both the transmitting and receiv 
ing IC dies. In one such technique, it is the Rclk bias settings 
in both transmitting and receiving IC dies that are adjusted 
While the Tclk biases remain ?xed. In another embodiment, 
it is the Tclk bias settings that are varied While the Rclk 
settings remain ?xed. As an example of the former 
alternative, operation Would begin With setting the Rclk bias 
at a ?rst IC die, as Well as setting the Rclk bias at a second 
IC die to, for example, the highest and loWest Rclk bias 
values. The second IC die Would then be instructed to 
receive a sequence of outgoing data symbols (transmitted by 
the ?rst IC die) according to the receive clock in the second 
IC die. Similarly, the ?rst IC die is instructed to receive a 
sequence of incoming data symbols (that Were transmitted 
by the second IC die) according to the Rclk in the ?rst IC 
die. Note that the relative phase settings betWeen Tclk and 
the distributed clock signals in the ?rst and second IC dies 
may be set to, at least initially, the nominal value, eg Zero 
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picoseconds. The process then continues With comparing the 
outgoing symbols to the incoming symbols and, if they 
match, a pass is indicated for the dual Rclk bias settings. 
Other combinations of receive phase values in the ?rst and 
second IC dies are tested in the same Way, and the results of 
the comparisons betWeen the outgoing and incoming sym 
bols at each of those combinations are recorded. Finally, the 
relative phases of the Rclk and distributed clock signals at 
the ?rst and second IC dies are set to values Which are 
closest to yielding a balanced timing margin as determined 
from the results of the comparisons. FIG. 8 shoWs a How 
diagram of such an embodiment in Which the relative phase 
of the Rclk to distributed clock signals, i.e. the Rclk bias 
settings, are adjusted in different IC dies. 

The How diagram in FIG. 8 is essentially self-explanatory. 
It should be noted that a goal of the embodiment of FIG. 8 
is to determine values for the relative phase of Tclk and 
distributed clock signals at the ?rst IC die (i.e. Tclkil) as 
Well as the relative phase of the Rclk and distributed clock 
signals in the ?rst IC die (i.e. Rclkil) by changing Rclkil 
and Rclki2 in the ?rst and second IC dies, respectively. 
This embodiment assumes that some idea of the loWest and 
highest passing values of Tclkil and Tclki2 are knoWn. 
This is in contrast to other embodiments described above 
Which led to the results of FIGS. 6 and 7 in Which no real 
assumption needed to be made regarding Whether any of the 
Rclk or Tclk values Would result in a pass or fail. Thus, the 
process illustrated in FIG. 8 may be vieWed as a re?nement 
of the technique for improving timing margin, Which may be 
used to obtain more accurate Rclk and Tclk bias values 
needed to balance the timing. 

Referring noW to FIG. 9, a ?ow diagram of another 
embodiment of a process for improving timing margin 
betWeen ?rst and second IC dies is illustrated. In this 
embodiment, the timing is compensated by a combination of 
three different techniques. The ?rst compensation technique 
is to adjust the strength of a pull doWn or pull up transistor 
on the data and clock transmission lines. This is a conven 
tional technique and can be described by the folloWing 
example. Under nominal conditions, the voltage sWing of a 
transmission line may be, for instance, from 1.0 volts to 1.8 
volts. Areference voltage set at a nominal value of 1.4 volts 
is used to determine if a sampled value of a transmission line 
signal is a logic ‘1’ or logic ‘0’. Timing is adjusted auto 
matically by adjusting the strength of a, for example, 
n-channel metal oxide semiconductor pull doWn transistor. 
This can be done by either adding or subtracting additional 
transistors in parallel, to increase or decrease the drive 
strength of the pull doWn. FIG. 10 shoWs an exemplary, 
programmable pull doWn con?guration in Which n-channel 
?eld effect transistors 1004a, 1004b, . . . are coupled in 

parallel to pull doWn a data transmission line 122 according 
to the contents of an on-chip register 1006. 

In addition to compensating by adjusting the strength of 
the pull doWn transistor, the timing margin may be improved 
by adjusting the clock to data skeW as described above in the 
various embodiments. The third technique for improving 
timing margin is to adjust a variable reference voltage that 
is generated on-chip at the receiving end and is used by an 
analog comparator to determine the value of a received 
symbol. For example, referring noW to FIG. 3, note hoW the 
on-die, variable reference level is set at the nominal, 50% 
point betWeen a logic ‘1’ voltage and a logic ‘0’ voltage of 
the received data signal. To sample a data symbol earlier, the 
variable reference level is shifted to higher than the nominal 
point. On the other hand, to sample the data symbol later, the 
variable reference level can be shifted loWer than the 50%, 
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nominal point. This can be readily accomplished using a 
variable voltage reference that responds to the contents of a 
register Whose contents are received from an external input 
to the IC die. 

Having described the three different compensation tech 
niques for improving timing margin, the process of FIG. 9 
is noW described for synergistically combining the three 
techniques. The process begins With operation 904 in Which 
the system automatically detects and compensates for a 
signaling imbalance (from a nominal signaling pull up or 
pull doWn current), by executing instructions to increase or 
decrease the drive strength of a pull up or pull doWn 
transistor on a transmission line. In the embodiment of FIG. 
1, such instructions could be stored as part of the BIOS 
Which is executed upon startup as Well as if desired during 
normal operation, by the processor 140. Additional registers 
(not shoWn) Would be provided in the ?rst IC die 110 to store 
digital values that set the transistor drive strength. 

Once the signaling imbalance has been compensated for 
by adjusting the drive strength of the pull doWn or pull up 
transistors, the process proceeds With operation 908 in 
Which a Write cycle is performed from the ?rst IC die to the 
second IC die via the transmission lines, to Write data to the 
second IC die. The process then proceeds With operation 912 
Which changes the clock-data skeW in the positive direction 
until there is a failure While reading the data back from the 
second IC die using the ?rst IC die. In a similar manner, the 
process continues With operation 916 in Which the clock data 
skeW is changed in the negative direction, until there is a 
failure While reading the data back from the second IC die. 
These latter tWo operations result in a “passing WindoW” 
being determined. The operating point for the clock-data 
skeW in the system is then set to be the midpoint of this 
WindoW, betWeen the most positive failure point (operation 
912) and the most negative failure point (operation 916), as 
operation 920. This completes the clock-data skeW compen 
sation technique. 

Having completed tWo out of the three automatic com 
pensation techniques as described above, the process con 
tinues With operation 924 in Which the third compensation 
technique is used to help further improve the timing margin 
in the system. Thus, With the system operating under the 
drive strength set in operation 904 and the clock-data skeW 
set in operation 920, the process continues With operation 
924 in Which an on-die voltage reference that is used to 
compare against a transmission line signal level to detect a 
received data symbol, is changed While running a read cycle. 
Avoltage reference failure point is reached When the Wrong 
data is read from the second IC die. The on-die voltage 
reference is then sWept in the opposite direction until Wrong 
data is read. Thus, a highest (largest voltage) failure point 
and loWest failure point are obtained for the voltage refer 
ence in operation 924. Finally, the process continues With 
operation 928 in Which the operating point for the on-die 
voltage reference is set to be the midpoint betWeen the 
highest and loWest failure points obtained in operation 924. 

Using the combination of the three compensation tech 
niques as described above, it is expected that timing margin 
Will be improved signi?cantly over the use of any one of the 
techniques by themselves. The order in Which the three 
techniques Were implemented, hoWever, should be 
observed. Note hoW the strength of the pull up or pull doWn 
transistors Were adjusted ?rst, and then With the system 
running With these pull up/pull doWn settings, the clock-data 
skeW Was adjusted. Finally, With the pull up/pull doWn 
settings and the clock-data skeW settings in place, the ?nal 
adjustment to the voltage reference Was performed. 
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The embodiments described above refer to ?rst and 
second IC dies 110 and 120 (see FIG. 1) that communicate 
With each other over a parallel bus that includes transmission 
lines 122, 123. Some practical applications of the ?rst and 
second IC dies include a main memory subsystem in Which 
the ?rst IC die includes a DRAM storage array and/or a 
memory repeater and the second IC die includes a memory 
controller. Exemplary physical layouts of such applications 
are illustrated in FIGS. 11 and 12. In FIG. 11, a memory die 
1010 is installed on a PWB (not shoWn) and communicates 
With a controller die 1020 over the data transmission lines 
122. Note that in this embodiment, the clock transmission 
lines 123 originate from behind the memory die 1010 and 
loop through the controller die 1020 before terminating at an 
opposite side of the memory die 1010. The distributed clock 
signal that travels on the clock transmission lines 123 
originates from a clock signal generator die 148 and termi 
nates at a termination circuit 150. Such a scheme for 
generating the distributed clock signal is also shoWn in FIG. 
1. Apractical example of the clock signal generator die 148 
is the one found in the Direct Rambus Clock Generator (i.e. 
DRCG) device offered by Rambus, Inc. of MountainvieW, 
Calif. 

Regarding the embodiment of FIG. 12, a difference 
betWeen this ?gure and the embodiment of FIG. 11 is that 
there is not tWo but rather one connection point betWeen the 
clock transmission lines 123 and a memory die 1110. Thus, 
in this embodiment, the distributed clock signal is derived 
not from separate upstream and doWnstream locations (as in 
FIG. 1) but rather only from a single, upstream location as 
shoWn. The distributed clock signal that Will be used to 
derive the Rclk signal can be emulated based on the clock 
signal obtained from the upstream point, by adding a time 
delay that represents an estimate of the length of time needed 
for the clock signal to propagate from the controller die 1020 
back to a point that Would have been a second connection to 
a doWnstream point of the clock transmission line 123. 
There may be other techniques for obtaining the distributed 
clock signal in each IC die that can be developed by those 
of ordinary skill in the art. 

To summariZe, various embodiments of a method and 
apparatus for increasing timing margin under control of 
processor executable instructions have been described. In 
the foregoing speci?cation, the invention has been described 
With reference to speci?c exemplary embodiments thereof. 
It Will, hoWever, be evident that various modi?cations and 
changes may be made thereto Without departing from the 
broader spirit and scope of the invention as set forth in the 
appended claims. The speci?cation and draWings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 

What is claimed is: 
1. A method comprising: 
alloWing a processor to execute instructions for improving 

a timing margin in a ?rst integrated circuit (IC) die 
under test, Wherein the execution 

(a) instructs the ?rst IC die to set a relative phase of 
receive and reference clock signals at the ?rst IC die, 
from a plurality of discrete, receive phase values, 

(b) instructs the ?rst IC die to set a relative phase of 
transmit and reference clock signals at the ?rst IC die, 
from a plurality of discrete, transmit phase values, 

(c) instructs the ?rst IC die to drive a sequence of 
outgoing data symbols according to the transmit clock 
signal and receive a sequence of incoming data sym 
bols according to the receive clock signal, at the 
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relative phase settings of (a) and (b), and records one of 
a pass indication and a fail indication for the relative 
phase settings, and then 

(d) repeats (a)—(c) for other combinations of said plurality 
of transmit and receive phase values, and then 

(e) sets the relative phases, to values Which are closest to 
yielding a balanced timing margin as determined from 
recorded pass/fail indication. 

2. The method of claim 1 Wherein the plurality of discrete, 
transmit phase values are predetermined positive and nega 
tive clock bias numbers With respect to a Zero clock bias. 

3. The method of claim 2 Wherein the Zero clock bias 
represents a delay, immediately folloWing a prede?ned tran 
sition of reference clock signal, that is one of approximately 
1A1 cycle and approximately % cycle of the reference clock 
signal. 

4. The method of claim 2 further comprising: 
alloWing the processor to execute further instructions to 

repeat (a)—(c) for all other combinations of said plu 
rality of transmit and receive phase values, prior to (e). 

5. An article of manufacture comprising: 
a machine-readable medium having instructions stored 

therein Which, When executed by a processor, control a 
timing margin in an electronic system having ?rst and 
second integrated circuit (IC) dies coupled to each 
other, the ?rst IC die to drive a transmission line signal 
With a sequence of outgoing data symbols according to 
a transmit clock signal Which is synchroniZed to a ?rst 
reference clock signal, the ?rst IC die to sample a 
transmission line signal to obtain a sequence of incom 
ing data symbols according to a receive clock signal 
Which is synchroniZed to a second reference clock 
signal, Wherein execution of the instructions 

(a) sets a relative phase of the receive and the second 
reference clock signals, from a plurality of discrete, 
receive phase values, 

(b) sets a relative phase of the transmit and the ?rst 
reference clock signals, from a plurality of discrete, 
transmit phase values, 

(c) instructs the ?rst IC die to drive the sequence of 
outgoing data symbols and receive the sequence of 
incoming data symbols, at the relative phase settings of 
(a) and (b), compares the outgoing symbols to the 
incoming data symbols and records a result of the 
comparison, and then 

(d) repeats (a)—(c) for other combinations of said plurality 
of discrete, transmit phase values and discrete, receive 
phase values, and then 

(e) sets the relative phases, as in (a) and (b), to a pair of 
values, from said plurality of discrete, transmit and 
receive phase values, Which cause data to be launched 
or sampled in the middle of a permissible timing 
WindoW as determined from the results of the compari 
sons. 

6. The article of manufacture of claim 5 Wherein the 
machine-readable medium includes further instructions 
Which, When executed by the processor, store the results of 
the comparisons in an array of variables each to be assigned 
one of a pass value and a fail value, Wherein a pass means 
that the sequences of incoming and outgoing symbols sub 
stantially match and a fail means that they do not, and 
Wherein each variable refers to the result of a comparison for 
a different pair of said plurality of discrete, receive and 
transmit phase values. 

7. The article of manufacture of claim 6 Wherein the 
machine-readable medium includes further instructions 
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Which, When executed by the processor, determine the 
largest timing margin by computing an average of the 
highest and loWest passing, discrete, transmit phase values, 
and an average of the highest and loWest passing, discrete, 
receive phase values in the array. 

8. An electronic system comprising: 
?rst and second integrated circuit (IC) dies coupled to 

each other via one or more data transmission lines, and 
a processor coupled to access the ?rst and second IC 

dies, 
the ?rst IC die to drive a transmission line signal, in one 

of the transmission lines, With a sequence of outgoing 
data symbols according to a transmit clock signal, the 
?rst IC die to derive the transmit clock signal from a 
distributed clock signal, Which is distributed to the ?rst 
and second IC dies, 

the ?rst IC die to repeatedly sample a transmission line 
signal, from one of the transmission lines, to obtain a 
sequence of incoming data symbols according to a 
receive clock signal, the ?rst IC die to derive the 
receive clock signal from the distributed clock signal, 

Wherein the ?rst IC die is to adjust (1) a relative phase of 
the transmit and distributed clock signals and (2) a 
relative phase of the receive and distributed clock 
signals, according to values stored in the ?rst IC die and 
determined by the processor executing a program that 
evaluates data transfers betWeen the ?rst and second IC 
dies to improve timing margin. 

9. The electronic system of claim 8 Wherein the transmis 
sion line includes one or more parallel traces formed in a 
printed Wiring board on Which the ?rst and second IC dies 
are installed. 

10. The electronic system of claim 8 further comprising a 
clock signal generator coupled to provide the ?rst and 
second IC dies With the distributed clock signal via a pair of 
parallel traces formed in a printed Wiring board and to Which 
an external clock input of the ?rst die is connected. 

11. The electronic system of claim 10 further comprising 
a termination circuit, Wherein the clock signal generator is 
coupled to one end of the pair of traces and the termination 
circuit is coupled to another end of the pair of traces, and 
Wherein the pair of traces is looped through the second IC 
die. 

12. The electronic system of claim 11 Wherein the dis 
tributed clock signal is provided to the driver timing cir 
cuitry and to the receiver timing circuitry from upstream and 
doWnstream locations, respectively, on the pair of traces. 

13. The electronic system of claim 8 Wherein the receive 
delay is one of approximately Zero cycle and approximately 
1/2 cycle of the distributed clock signal, and the transmit 
delay is one of approximately 1A1 cycle and approximately % 
cycle of the distributed clock signal. 

14. The electronic system of claim 8 Wherein the ?rst IC 
die includes a dynamic random access memory storage array 
and the second IC die includes a memory controller. 

15. The electronic system of claim 8 Wherein the ?rst IC 
die includes a memory repeater and the second IC die 
includes a memory controller. 

16. A method comprising: 
alloWing a processor to execute instructions for improving 

a timing margin in ?rst and second integrated circuit 
(IC) dies, Wherein the execution 
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(a) sets a relative phase of receive and distributed clock 

signals at the ?rst IC die, from a plurality of discrete, 
?rst receive phase values, 

(b) sets a relative phase of receive and distributed clock 
signals at the second IC die, from a plurality of discrete, 
second receive phase values, 

(c) instructs the second IC die to receive a sequence of 
outgoing data symbols according to the receive clock 
and the ?rst IC die to receive a sequence of incoming 
data symbols according to the receive clock, at the 
relative phase settings of (b) and (a), respectively, and 
records one of a pass indication and a fail indication for 
the relative phase settings, and then 

(d) repeats (a)—(c) for other combinations of said plurality 
of ?rst and second receive phase values, and then 

(e) sets the relative phases, as in (a) and (b), to values 
Which are closest to yielding a balanced timing margin 
as determined from recorded pass/fail indications. 

17. The method of claim 16 Wherein the plurality of 
discrete, ?rst and second receive phase values are predeter 
mined positive and negative clock bias numbers With respect 
to a Zero clock bias. 

18. The method of claim 17 Wherein the Zero clock bias 
represents a delay, immediately folloWing a prede?ned tran 
sition of the distributed clock signal, that is one of approxi 
mately Zero cycle and approximately 1/2 cycle of the distrib 
uted clock signal. 

19. A method comprising: 
alloWing a processor to execute instructions for improving 

a timing margin in ?rst and second integrated circuit 
(IC) dies, wherein the execution 

(a) sets a relative phase of transmit and reference clock 
signals at the ?rst IC die, from a plurality of discrete, 
?rst transmit phase values, 

(b) sets a relative phase of transmit and reference clock 
signals at the second IC die, from a plurality of discrete, 
second transmit phase values, 

(c) instructs the ?rst IC die to drive a sequence of 
outgoing data symbols according to the transmit clock 
and the second IC die to drive a sequence of incoming 
data symbols according to the transmit clock, at the 
relative phase settings of (a) and (b), respectively, and 
records one of a pass indication and a fail indication for 
the relative phase settings, and then 

(d) repeats (a)—(c) for other combinations of said plurality 
of ?rst and second transmit phase values, and then 

(e) sets the relative phases, as in (a) and (b), to values 
Which cause data to be launched or sampled in the 
middle of a permissible timing WindoW as determined 
from recorded pass/fail indications. 

20. The method of claim 19 Wherein the plurality of 
discrete, ?rst and second transmit phase values are prede 
termined positive and negative clock bias numbers With 
respect to a Zero clock bias. 

21. The method of claim 20 Wherein the Zero clock bias 
represents a delay, immediately folloWing a prede?ned tran 
sition of a reference clock signal, that is one of approxi 
mately 1A1 cycle and approximately % cycle of the reference 
clock signal. 


